The aim of this study was to evaluate the influence of the biopreparation Deodoric ® on ammonia (NH 3 ) concentration, performance, and hygiene standards in laying hen (ROSS-308) production. Statistically significant differences in NH 3 concentration and the body weight of laying hens were observed between the control group (C) and the experimental group (E) where Deodoric ® was applied at the set dose. In the control group, an increase in NH 3 concentration could have contributed to the decrease in the body weight of laying hens, egg production, and % hen day egg production, whereas no such correlations were observed in the experimental group. A moderate linear correlation between NH 3 concentration vs. humidity (r = 0.68), air flow (r = 0.48) and weakly linear correlation between NH 3 concentration and age of birds (r = 0.27) was noted in group C. In group E, NH 3 concentration vs. temperature (r = 0.27) and humidity (r = 0.14) were weakly correlated. Statistical analysis of changes in the microbial counts isolated from manure revealed a significant decrease of mesophilic microorganisms on day 28 decrease of Campylobacter spp. days 14 and 84 in group E. However, for the entire experimental model no statistically significant changes in the number of Campylobacter spp. and mesophilic bacteria were found. The tested preparation did not cause changes in the microbial composition of tissue swabs. Deodoric ® contributes to animal welfare by reducing the ammonia concentrations in poultry houses. It is also recommended for use in poultry farms to improve animal health and performance and to generate benefits for producers.
Introduction
Ammonia (NH 3 ) is one of the most prevalent odorous gases that occur in relatively high concentrations in the agriculture sector. To date, this problem is caused mainly in livestock production [1, 2] . In 1990, global NH 3 emissions were estimated at 54 Tg N yr −1 [3] . In 2018, the largest emitters of ammonia from the agricultural sector were India and China followed by North America and Europe [4] . Animal production is responsible for approximately 75% of global NH 3 emissions which are encountered in all stages of breeding [5] . Pig, dairy, cattle, and poultry farms are regarded as the main sources of NH 3 in the agricultural sector [6] . Webb et al. [5] and Van der Hoek [7] demonstrated that animal excreta is responsible for approximately 75-80% of NH 3 emissions in agriculture (average based on European systems). In Germany, poultry farming is responsible for In previous studies samples of poultry manure (2-5 kg) were examined under laboratory conditions (this stage of research involved assessments of odorant reduction, methods of application and doses, the sorbent's influence, microbiological analyses, and determination of the biopreparation's composition). Groups of animals (5 individuals per group) were studied under modelled conditions in 3 replications (this stage of research involved assessments of odorant reduction, methods of application and doses, the sorbent's influence, microbiological analyses, and an evaluation of microclimate parameters). The presented experiment is a continuation of the research conducted under laboratory and modelled conditions.
The aim of this study was to evaluate the influence of the Deodoric ® deodorizing preparation on NH 3 concentration, influence on correlations between NH 3 levels and selected microclimatic parameters, and production performance of laying hens in semitechnical scale.
Experiments

Ethical Guidelines
Procedures were performed in accordance with the guidelines for Care and Use of Laboratory Animals of the Faculty of Veterinary Medicine at University Warmia and Mazury in Olsztyn and the National Research Council [29] . The number of birds in the experiment and the number of repetitions of the experimental design was determined based on the guidelines/provisions of the Local Ethics Committee. In order to preserve the 3R (Replace, Reduce and Refine) principle and obtain statistically significant results of the experiment, the duration of the experiment was extended. The birds were divided into two groups: A control group of 60 hens and 6 roosters without the Deodoric ® biopreparation (C) and an experimental group of 60 hens and 6 roosters where Deodoric ® was applied (E). Stocking density was 5.5 birds per 1 m 2 and it was identical to that in the commercial farms and consistent with the relevant requirements. The experimental premises (12 m 2 ) were equipped with standard animal rearing systems with automatic temperature (20 • C) and ventilation control (humidity 70%) that were similar to those used in commercial poultry farms. The birds were fed restricted rations as recommended in "ROSS Parent Stock Management Manual and ROSS-308 Laying Hen Nutrition Specifications" twice daily with ad libitum access to water. The birds were kept in barn conditions similar to those found on commercial farms. The birds were kept on litter from shredded straw (depth of 20 cm). The first layer of straw was added on a clean floor. Once a week, every poultry house was supplied with the same amount of fresh wheat straw which was added to the existing straw.
Laying Hens and Production Premises
Deodoric ® Biopreparation
Two kilograms of Deodoric ® were applied based on the following calculations: 66 birds (60 hens and 6 roosters)/12 m 2 = 5.5 birds per m 2 , rounded off to 6 birds per m 2 , approximately 1 kg of excreta (adult birds) per m 2 , i.e., 7 kg of excreta per week, 5 g of dried bacterial strains per 500 g of excreta (effective dose determined under laboratory conditions by Gutarowska et al. [28] , i.e., 70 g of dried bacterial strains) per week/m 2 , 100 g of mineral sorbent + 70 g of dried bacterial stains = 170 g of Deodoric ® /week/m 2 , and 170 g × 12 m 2 = 2040 g ≈ 2 kg. Deodoric ® was applied to the litter at 170 g per 1 m 2 once a week.
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Measurements
Birds were weighed individually once a week, beginning from the first day of the laying season (5 December 2016) (n = 8). Ammonia concentrations were measured twice a day (in the morning at 8 a.m. and afternoon at 3 p.m.) (n = 104) in both groups. The following performance parameters were determined: Body weight (kg), average egg weight (g) (n = 83), egg production (eggs) (n = 83) and % hen day egg production (%) ( daily number of eggs laid number of hens × 100%) (n = 83). Selected microclimate parameters (n = 52) were monitored in both poultry houses: Air humidity and temperature were measured with the ST-8820 Multi-Function Environment Meter (CEM, Shenzhen, China), air flow and cooling with Hill's dry kata-thermometer (Technical and Laboratory Glass Manufacturing Plant GOMAR, Warsaw, Poland), NH 3 concentration with the Dräger X-am ® 5000 gas detector (Drägerwerk AG & Co. KGaA, Lübeck, Germany). The devices were validated before the experiment by producent. Ammonia and microclimate parameters were monitored from 25 October 2016 until the end of the experiment.
Bacteriological Identification Methods
One swab from each bird's air sacks, trachea, beak, sternum, and feet were collected for microbiological examinations upon slaughter. The samples were transported to the bacteriological laboratory at the Department of Microbiology and Clinical Immunology, Faculty of Veterinary Medicine. The swabs were placed in tryptone soya broth (TSB) liquid medium (Oxoid, Basingstoke, UK) and incubated at 40.5 ± 2 • C for 24 h to detect aerobic bacteria. The following selective-differentiating media were used: MacConkey agar (Oxoid, Basingstoke, UK) for Enterobacteriaceae, Brilliance™ Salmonella Agar (Oxoid, Basingstoke, UK) for Salmonella spp., Edwards medium with the addition of 5% sheep blood (Oxoid, Basingstoke, UK) for Enterococcus spp. and Streptococcus spp., Chapman medium (Oxoid, Basingstoke, UK) for Staphylococcus spp., and Columbia agar with the addition of 5% sheep blood (Oxoid, Basingstoke, UK) for bacteria with higher nutritional requirements. The swabs were incubated in Schaedler liquid medium (Oxoid, Basingstoke, UK) at 40.5 ± 2 • C for 24 h under anaerobic conditions in GAS-Pack-Kit (Oxoid, Basingstoke, UK) to determine the presence of anaerobic bacteria. Germinated bacterial colonies were identified on the basis of morphological characteristics (color, colony shape, Gram stain, catalase test, cytochrome oxidase test, hemolysis type, coagulase test) and, subsequently, with the use of API ® biochemistry tests (BioMerieux Vitek, France), Staphytec Plus latex tests, a Streptococcal grouping kit and the Salmonella Rapid Kit (Oxoid, Basingstoke, UK).
Quantitative Microbiological Analyses
Collective samples consisting of 10 g of chicken manure, collected once every two weeks, were transferred to an Erlenmeyer flask containing 90 cm 3 of 0.85% NaCl and were shaken on a shaker for 15 min. The shaken sample was left for around 5 min to settle. The resulting solution was a 10 −1 dilution, and a further decimal dilution was prepared. The counts of mesophilic bacteria and Campylobacter spp. were determined by culturing casting plates, where 1 mL of the suspension was collected from the prepared dilutions in triplicate. The number of colonies was counted after 24 h, taking into account the dilution, and the result was expressed per 1 g of poultry manure.
Statistical Analysis
The influence of the deodorizing preparation on NH 3 concentration in groups and significant differences in the body weight of hens, average egg weight, number of eggs laid, and % hen day egg production between groups were determined in t-student test for independent samples. A multiple regression model was developed to determine the influence of NH 3 on the body weight of hens, the number of eggs laid, and % hen day egg production in group C and group E. The influence of the applied dose of the deodorizing preparation (2 kg once a week) on NH 3 concentration was determined with the use of t-student's test for dependent samples. Differences in environmental standards (temperature, humidity, air flow, cooling) between groups C and E were determined with the use of t-student's test for independent samples. A linear correlation model was built to illustrate the correlations between environmental conditions, age of birds, and NH 3 concentration. The influence of hygiene conditions on NH 3 concentration in both groups was evaluated with the use of a multiple regression model. Before performing multiple regression, the assumption of linearity and normality was checked. In order to demonstrate linearity, the data was analyzed for two-dimensional scatterplots of the variables studied. To check the assumptions of normality, distributions of variables were checked by histograms and normality charts for residues. A t-student's test for independent samples was applied to demonstrate the significant influence of the deodorizing preparation on NH 3 concentration in groups and on differences in the body weight (kg) of hens between groups. The influence of NH 3 concentration on the body weight of hens, a lower number of eggs laid, and lower % hen day egg production in groups C and E was evaluated with the use of a multiple regression model. Differences in days and for entire model in the counts of mesophilic microorganisms and Campylobacter spp. isolated from litter were analysed using ANOVA for repeated measurements. The k-nearest neighbors algorithm was performed to exclude statistical anomalies in microbiological tests. Standard deviation (SD), median (ME), mode (MO) and variances (V) were also calculated. Differences where the p-value was less than 0.05 were considered significant. Data were processed statistically in the Statistica 13.1 program with a medical application (Dell Computer Corporation, Round Rock, USA).
Results
Before applying Deodoric ® to the litter there were no statistically significant differences in the measured environmental parameters: Temperature (p-value = 0.8), humidity (p-value = 0.69), air flow (p-value = 0.74), cooling (p-value = 0.63) between group C and E.
During the experiment, average hens' weight in group E increased by 51.22%, in group C by 44.31%. Hens from group C laid 2599 eggs with an average weight of 66.44g (SD, 3.47; ME, 66.35; MO, 66.4; V, 11.44), hens from group and E laid 2755 eggs with an average weight of 66.81g (SD, 3.16; ME, 66.95; MO, 66.9; V, 9.89). The results of the measurements of NH 3 levels and selected microclimate parameters from the start of the experiment to the end of the experiment were placed in Table 1 . Significant differences in NH 3 concentration (p-value = 0.001), body weight of hens (p-value = 0.025), and humidity (p-value = 0.006) were observed between group C and group E. The differences in mean egg weight (p-value = 0.75), number of eggs laid (p-value = 0.58), % hen day egg production (p-value = 0.22), temperature (p-value = 0.68), air flow (p-value = 0.71), and cooling (p-value = 0.74) between group C and group E were not significant. In group C, an increase in NH 3 concentration contributed to lower body weight of hens, a lower number of eggs laid, and lower % hen day egg production (for body weight: β = −0.21, p-value = 0.017; for number of eggs: β = −0.13., p-value = 0.037; for % hen day egg production: β = −0.11, p-value = 0.042). No significant correlations were observed in group E. The comparison of multiple linear regression models showed statistically significant differences (p-value = 0.0035).
A moderate linear correlation between NH 3 concentration vs. temperature, humidity, air flow, and weak linear correlation between NH 3 concentration and age of hens in group C were noted. In group Atmosphere 2019, 10, 751 6 of 10 E, NH 3 concentration vs. temperature and humidity were weakly correlated. Detailed correlation results are in Table 2 . The multiple regression model for group C indicates that NH 3 concentration was influenced mostly by temperature which was most highly correlated with other variables in the model (F = 12.11, p-value = 0.012). In group E, the multiple regression model was not statistically significant (p-value = 0.09).
Statistical analysis of changes in the counts of mesophilic microorganisms isolated from manure revealed a significant decrease on day 28 in group E. Differences were not found between groups on the remaining days of the experiment (Figure 1 ). An analysis of changes in the counts of Campylobacter spp. isolated from manure demonstrated that their proliferation was inhibited on days 14 and 84 in group E (Figure 2 ). However, for the entire experimental model no statistically significant changes in the number of Campylobacter spp. (for entire model, df (degrees of freedom) = 1, F = 46.14, p-value = 0.093; for C vs. E, df = 9, F = 3.29, p-value = 0.045) and in the number of mesophilic bacteria (for entire model, df = 1, F = 3.29, p-value = 0.32; for C vs. E, df = 7, F = 0.98, p-value = 0.51) were found. Results of k-nearest neighbors algorithm for microbiological tests indicate that the deviation of mesophilic bacteria in the 28th day and Campylobacter spp. in the 14th and 84th days should be considered as statistical anomaly.
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Discussion
Numerous studies have demonstrated the adverse effects of NH3 on poultry performance [11, 13] . According to other authors, high NH3 concentrations have a negative influence on performance indicators in poultry. Ammonia considerably affects the body weight of hens, increases the feed conversion ratio, prolongs the rearing period, and contributes to secondary infections [30, 31] . Ammonia contamination can cause financial losses in poultry production [32] . The Deodoric ® preparation minimized the adverse effects of NH3 on the body weight of hens. A significant increase in NH3 levels (200 ppm over 17 days) significantly decreased % hen day egg production, egg weight, and feed intake [33] . These adverse effects were not noted in the present study because NH3 concentration was much lower.
Other deodorizing preparations including substances like alum and sulfate heptahydrate can be toxic at high concentrations, and they can lead to the excessive accumulation of harmful compounds in the environment. Tested preparation retained nitrogen in chicken manure and may constitute as excellent fertilizer without any harmful effects on the environment. Microbiological gases have also been used to control NH3 emissions, but their effectiveness was ambiguous. Based on studies performed by Matusiak et al. [24] , we believe that combining Deodoric ® with other preparations like Yucca schidigera extract can bring even more positive results and reduce the dosage of tested preparation.
A qualitative analysis of swabs collected from the respiratory tract and selected areas on the surface of the body did not reveal differences in their microbial composition. These results could indicate that Deodoric ® did not modify the microflora inhabiting the examined areas. The absence of differences in the examined groups may suggest that the preparation did not interfere with microbiological homeostasis and may not affect the activity of local immunological structures (mucosa-associated lymphatic tissue (MALT) and skin-associated lymphoid tissues (SALT)). However, we believe that the impact of the preparation in particular on the immune system requires further research.
Significant differences in NH3 concentration and humidity were observed between group C and group E. Differences in humidity between studied groups may be caused by a bentonite carrier which has a drying effect of manure. Due to the fact that, according to earlier studies, a dose of 0.4-0.8 kg/m 2 of manure did not significantly affect the concentration of ammonia [34] , we believe that the microbiological part influenced the ammonia concentration significantly. Similar results were 
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Other deodorizing preparations including substances like alum and sulfate heptahydrate can be toxic at high concentrations, and they can lead to the excessive accumulation of harmful compounds in the environment. Tested preparation retained nitrogen in chicken manure and may constitute as excellent fertilizer without any harmful effects on the environment. Microbiological gases have also been used to control NH 3 emissions, but their effectiveness was ambiguous. Based on studies performed by Matusiak et al. [24] , we believe that combining Deodoric ® with other preparations like Yucca schidigera extract can bring even more positive results and reduce the dosage of tested preparation.
Significant differences in NH 3 concentration and humidity were observed between group C and group E. Differences in humidity between studied groups may be caused by a bentonite carrier which has a drying effect of manure. Due to the fact that, according to earlier studies, a dose of 0.4-0.8 kg/m 2 of manure did not significantly affect the concentration of ammonia [34] , we believe that the microbiological part influenced the ammonia concentration significantly. Similar results were obtained by Majewski et al. [35] with bentonite dosage of 1.5 kg/m 2 litter in decreasing ammonia concentration. This observation proves the mechanism of action of Deodoric ® preparation in reducing NH 3 concentration in poultry houses.
Due to the economic aspect, we believe that the best period to use this preparation is 15-16 weeks of a hen's life. During this period, the hens are moved from the rearing house to the production hall. To speed up the laying process, the length of the light day regiment increases and the feed becomes more concentrated in nutrients. These factors and stress caused by breeding procedures increase nitrogen compounds in the litter, which can lead to an increase in ammonia concentration in the poultry house. We believe that this is the optimal time to start using the product. The presented experiment indicates that the biopreparation can be used especially in barn-reared and free-range farming. In the case of cage farming, its application may be difficult and, due to inadequate distribution of the preparation, ineffective. According to our observations, the preparation can be used in the production of eggs in the intensive, semi-intensive, or extensive systems. If the ammonia concentration exceeds the permissible standards in the house, Deodoric ® should be used regularly at the dose recommended by us. In our opinion, if NH 3 stabilizes at an optimal level, the dose can be reduced by half as a maintenance dose. However, any reduction in Deodoric ® dose should be documented in further field studies. The tested preparation may have a positive effect especially from the beginning to the peak of laying.
Previous studies demonstrated that ammonia levels in poultry houses are closely linked with selected microclimate parameters [36] [37] [38] [39] [40] . According to Elliott and Collins [36] , NH 3 volatilization is influenced mainly by litter pH, temperature, and relative humidity. Ni [37] reported that NH 3 concentration is very closely related to air velocity on manure surface and the temperature of air or manure. Nimmermark and Gustafsson [38] suggested that temperature and relative humidity control may decrease ammonia concentrations and emissions. Other authors also observed correlations between NH 3 volatilization vs. temperature, relative humidity, ventilation rate, and the pH level of manure [39, 40] . In the present study, similar relationships were observed in group C. The results of our study point to a linear relationship between NH 3 concentration vs. temperature, relative humidity, and air flow in group C. In group E, the correlations between NH 3 concentration and the studied parameters were not statistically significant. These findings suggest that the tested biopreparation minimized the correlations between microclimate parameters and ammonia concentration in air. In addition, the absence of a linear correlation between ammonia concentration and air flow/cooling in group E indicates that room ventilation did not distort the obtained results. Statistically significant correlations between ammonia concentration and air flow/cooling in group C could be caused by periodically increased ventilation. This factor could have influenced the results in group C, but turkey premises had to be ventilated because very high ammonia concentrations (up to 46 ppm) in group C posed a threat to the experimental animals. The absence of linear relationships in group E could be attributed to the properties of the tested preparation, including manure drying, decrease in pH, and microbial competition for biological compounds present in litter [27, 28] .
Conclusions
Deodoric ® contributed to animal welfare by reducing the concentrations of ammonia in poultry houses. The tested biopreparation can be used to improve the productive performance of poultry farms (it is the first preparation that can be applied directly to litter during animal rearing) and minimized noxious odors in the vicinity of poultry farms. The tested product also increased the safety of farm personnel by alleviating the adverse health consequences of NH 3 emissions. It exerts a stabilizing effect on the microbiological environment of farm animals without affecting the body's biofilm, and it can minimize losses associated with unnecessary immune responses. The tested deodorizing preparation is recommended for use in poultry farms to improve animal health and performance and to generate benefits for producers.
